A field experiment was conducted at two locations in southern Ethiopia during the main cropping season of 2013 to assess the effect of inter row spacing and weeding frequency on weeds, growth, yield attributes and yield of bread wheat. The eighteen (18) treatments included, combination of three row spacing (15 cm, 20 cm and 25 cm) with hand-weeding and hoeing 2 WAE, hand-weeding and hoeing 3 WAE, hand-weeding and hoeing 4 WAE, 2 hand-weeding and hoeing 2 and 4 WAE, weed free and weedy check. The experiment was conducted using factorial arrangement in RCBD design with three replications. The experimental field was infested both with broad leaved and grassy weeds belonging to seventeen plant families out of which Asteraceae and Poceae being the most dominant. Weed control treatments significantly influenced weed density and dry biomass accumulation. Crop growth, yield attributes and yield were significantly influenced by interaction of row spacing and weeding frequency. The highest grain yields were obtained in interaction of complete weed free and 20 cm (5340 and 4753.33 kg ha -1 ) yield at Bobicho and Faate, respectively while the lowest grain yield was obtained in 25 cm interacted with weedy check (1483.3 kg ha -1 ). © 2014 PSCI Publisher All rights reserved.
Introduction
Bread wheat is one of the major cereal crops in the Ethiopian highlands that lie between latitude of 6o and 16oN and longitude of 35o and 42o E and is widely grown from 1500 to 3000 masl. The most suitable areas for wheat production however fall between 1900 and 2700 masl (Hailu, 2003) . In Ethiopia, wheat covered an area of 1,706,323.86 ha with a total production of 40, 391, 13.674 tons with yield average of 2.35 t ha -1 during 2012/2013 main cropping season (meher) CSA, 2013). In SNNPR wheat covered an area of 123,369.52 ha with a total production of 2, 903, 66.6 95 t and in Hadiya and Wolaita zones, 33,289.66 ha, 4,034.34 ha and 857, 34.991 t and 58, 95.843 t respectively (CSA, 2013) .
The crop plays a significant role in the national economy and thus, currently increasing the area and productivity of this crop is central in the strategic plan to attain sustainable grain production and food self-sufficiency. Moreover, it is one of the major cereals of choice in Ethiopia, dominating food habits and dietary practices, and is known to be a major source of energy and protein in the country (Hailu, 2003) .
Weeds infestation is the main bottleneck in crop production in Ethiopia, especially during the rainy season. The climate encourages rapid and abundant growth of weeds and consequently, all agricultural crops are heavily infested with weeds. Farmers in the country are aware of weed problem in their fields but often they cannot cope-up with heavy weed infestation during the peak-period of agricultural activities because of labor shortage, hence, most of their fields are weeded late or left un-weeded. Such ineffective weed management is considered as the main factor for low average yield of wheat resulting in average annual yield loss of 35 % (Esheteu et al., 2006) .
Among cultural weed control methods, hand weeding and hoeing can reduce weed emergence up to 80 %, resulting in a 69 % increase in wheat yield compared to standard seed bed preparation (Ologbon and Yusuf, 2012) . On the other hand close planting of wheat through reducing row spacing can reduce weed infestation as compared with wide row spacing (Sharma, 1995) . Narrow row widths reduce the biomass of later emerging weeds by decreasing the light available for weeds located below the crop canopy (Legere et al., 2011) . Adopting both methods (hand weeding and hoeing and close planting geometry) can be an effective and economic weed control strategy and the basis for a cost-effective, eco-friendly and sustainable weed management program. However; there have been limited research efforts that assessed the planting pattern and weeding frequency in wheat crop production in the study areas. Therefore, the objectives of this study were to assess the effect of inter row spacing and weeding frequency on weeds, growth, yield attributes and yield of wheat.
Materials And Methods Description of the Study Area
The study was conducted during 2013 cropping season at Faate farmer`s field and Bobicho experimental sites in Wolaita and Hadiya Zones, respectively, in southern Ethiopia. Faate is located at 06º 52' 42" N latitude, 37º 48' 25.2" E longitude and altitude of 2252 masl. The soil is clay loam in texture and strongly acidic with pH of 5.1. The organic matter content of the soil was 3.5 % and with low total nitrogen (0.23 %) and low available P (2.3 mg kg -1 ). The rainfall in the area is characterized by bimodal distribution pattern and the main rainy season (Meher) is between June and end of September and (Belg) is from late February to late March/early April. The average annual rainfall was 1500 mm.
Bobicho research sub-center is found in Hadiya zone about 3 km northwest of Hossana, the capital town of the zone. It is located on geographic coordinates of 070 34'14.6'' N latitude, 370 50' 06.1''E longitudes and altitude of 2275 masl. When moist, it has dark brown in color, clay loam texture and moderate medium sub angular blocky structure. The pH value of the surface soil was 4.23. The organic matter and total nitrogen content were 1.07 % and 0.18 %, respectively, which were rated as very low and high. Available phosphorus content was 1.5 mg kg -1 . The rainfall in the area is characterized by bimodal distribution pattern and the main rainy season (Meher) is between June and end of September and (Belg) is from late February to late March/early April. The average annual rainfall was 1800 mm. 
Experimental Design and Treatments
The treatments consisted of combination of three row spacing (15 cm, 20 cm and 25 cm) with hand-weeding and hoeing 2 weeks after crop emergence (WAE), hand-weeding and hoeing 3 (WAE), hand-weeding and hoeing 4 WAE, two hand-weeding and hoeing 2 and 4 WAE, weed free (WF) and weedy check (WC). The experiment was conducted using factorial arrangement in RCBD design with three replications. A plot size was 3.0 m x 3.0 m. Each plot and block was separated by 0.5 and 1.0 m path, respectively. There were 20, 15 and 12 rows per plot under 15, 20 and 25 cm row spacing, respectively. The net plot had 15, 11 and 9 rows i.e. 5 (3+2), 4 (2+2) and 3 (2+1) rows were considered as border rows under 15, 20 and 25 cm row spacing, respectively. On both ends of each row 0.25 m was considered as border. Thus the net plot size was 2.25 m x 2.50 m.
Crop Management
The land was prepared to fine tilth with oxen plough in the month of July. The plots was prepared as per the layout and leveled manually. The sowing was done on July15, 20113. The treatments were assigned randomly and the seeds of variety Kakaba at rate of 150 kg ha -1 were drilled in furrows manually. The fertilizers 85 kg N and 46 kg P 2 O 5 ha -1 were applied. Whole phosphorus through diammonium phosphate (DAP) and ½ N through DAP and urea was applied at the time of sowing while the remaining ½ N through urea was top dressed in two equal splits at tillering and panicle initiation stages. Hand-weeding and hoeing as per the treatment was done in the assigned plots at an appropriate time. The weeds in complete weed free plots were removed as and when emerged to keep the plots free from the weeds. Plot wise harvesting was done at harvest maturity of the crop on November 29 and 30, 2013, Faate and Bobicho respectively. The produce was sun dried for 8 days before threshing.
Data Collection Weeds
The weed population was counted just before first hand weeding or two weeks after crop emergence and about 15 days before the expected harvest time. The category wise (broadleaved, grass and sedges) population count was taken with the help of 0.2 m x 0.2 m quadrate thrown randomly at two places in each plot and was converted into per m 2 . While recording weed population the aboveground biomass also was harvested within each quadrate. The harvested weeds were placed into paper bags separately and sun dried before drying in oven at a 65 0 C temperature till constant weight and subsequently the dry weight were measured.
Crop Phenology and growth parameters
Days to 50 % heading were recorded as the number of days from sowing to when 50 % of the plants in a net plot produced head. Similarly, days to physiological maturity were recorded as the number of days from sowing to the time when the grain hardened and the straw turned light yellow, becomes dry and brittle in 75 % of the plants in a net plot area. Plant height (cm) was measured from 10 randomly pre tagged plants in each net plot area from the base to the tip of the spike excluding the awns of the main stem at harvest.
Yield components and yield
The number of total and productive tillers (ear bearing tillers) in m 2 area from net area in each plot were counted at harvest. The total grains from randomly taken 20 spikes were also counted to record the number of grains per spike. Thousand grains were counted from the bulk of threshed produce from the net area of each plot and their weight was recorded. Total aboveground dry biomass (kg ha -1 ) was determined by taking the total weight of harvest from each net plot area after sun drying the whole aboveground biomass. Grain yield (kg ha-1 ) was measured after threshing the sun dried plants harvested from each net plot and the yield was adjusted at 12.5 % moisture content. Harvest Index was determined as the grain yield to above ground dry biomass.
Impact Assessment of Weed Control
Weed Control Efficiency (WCE) -It was calculated from weed control treatments in controlling weeds and using the following formula:
Where; WCE= Weed Control Efficiency, WDC=Weed dry matter in weedy check, WDT= weed dry matter in a particular treatment Weed Index (WI) -It was measured with the help of the following formula:
Where; WI= Weed Index, X= Yield in complete weed free,Y= Yield in a particular treatment
Statistical Analysis
Collected data were subjected to the analysis of variance appropriate to the design using SAS version (SAS, 2008) . Mean separation was done using Fisher's protected Least Significance Difference (LSD) test at 5 % level of significance. As the Ftest for homogeneity of variances showed significant differences for the parameters, thus separate analysis was done for thelocations.
Results and discussion weeds Weed community
The experimental fields were found to be infested with weeds comprising of broadleaved and grass. The flora in the experimental fields indicated that the weeds belonged to 17 families (Table 2) . 
Weed Density at Crop Harvest
The data showed highly significant difference between interaction of row spacing and weeding frequencies on weed density at crop harvest at both locations. The lowest grass weed densities (12.66 m -2 ) and (12.67 m -2 ) were recorded when two hand-weeding each at 2 and 4 wae were done under 15 cm row spacing at Bobicho and Faate, respectively (Table 3) . While the highest grass weed densities (38 m -2 ) and (39 m -2 ) were recorded to 25 cm with 2 WAE at Bobicho and Faate respectively followed by three row spacing with weedy checks. Among weedy checks, when row spacing was wider the weed infestation become higher and had shown significant difference at (P˂0.05). Other interaction effect of row spacing and weeding frequencies also had shown significant difference across locations.
The analyzed data had indicated that there were highly significant difference between interaction of row spacing with weeding frequencies on broad leaved weeds densities at crop harvest in both Bobicho and Faate. The lowest broad leaved weeds densities (20 m -2 ) and (19 m -2
) were recorded to 15 cm with 2 and 4 WAE at Bobicho and Faate respectively (Table 4 ). While the highest broad leaved weeds densities (50 m -2 ) and (56 m -2 ) were recorded to 25 cm with 2 WAE at Bobicho and Faate respectively followed by three row spacing with weedy checks. Among weedy checks, when row spacing was wider the weed infestation become higher and had shown significant difference at (P˂0.05) ( Table 3 ). Other interaction effect of row spacing and weeding frequencies were significant difference across locations. The significant reduction in broad leaved weeds densities with the decrease in row spacing under all the weeding frequencies as well as weedy checks showed that under closer spacing, non-availability of enough space to the weeds might have become a limiting factor resulting in lower densities compared to wider spacing. While comparing the interaction of weeding frequencies with row spacing, the least broad leaved weeds density m -2 was found in hand weeding with 15 cm row spacing. As availability of lesser space for weed development, better crop competition for development resources, crop growth, early space covering, light interception might have effectively controlled the weeds. This finding is in agreement with the work of Tesfaye et al. (2011) who stated that the ground is shaded sooner in narrow rows and weed development is suppressed and both grass and broad leaved weeds densities were decreasing from 25 cm to 15 cm in wheat production. And the narrow row spacing 15 to 20 cm also allows crop to be more competitive.
Total weed densities were also highly significantly influenced by row spacing and weeding frequencies interactions. The lowest total weeds densities (32.66 m -2 ) and (32.33 m -2 ) were recorded from 15 cm with 2 and 4 WAE at Bobicho and Faate respectively (Table 3) . While the highest total weed densities (88 m -2 ) and (94 m ) were recorded to 25 cm with 2 WAE at Bobicho and Faate, respectively followed by three row spacing with weedy checks. Among weedy checks, when row spacing was wider the weed infestation become higher and had shown significant difference at (P˂0.05). Weedy checks with three row spacing had shown higher weed densities than all other row spacing interaction with weeding frequencies and also there were significant difference with in weedy checks. This finding is in agreement with the work of Chachar et al. (2009) who stated that hand weeding with 15 cm row spaced plots proved most effective in reducing the total weed densities than hand weeding with 25 cm row spaced plots in common wheat. This was due to competitive advantage to crop; the later germinating weeds were suppressed by taller crop plants more under closer spacing thereby; resulting in reduced total weed density. On the other hand weeding frequency had shown significant difference with in spacing. In this regard 2 and 4 WAE hand weeding and hoeing plots had indicated lowest total weed density among all other weeding frequencies with in row spacing. The reduction of weed infestation in this case was due to removal of weeds twice from plots at early weed emergence and at tillering phase that decreases weed seeds and enhances crop competition. However; there were significant differences between row spacing interaction with 2 and 4 WAE (Table 3 ). This was due to enough space for weed infestation though it weeded twice in cropping time in wider row spacing. The interaction effect of weeding frequencies and row spacing in all treatments had shown significant difference on total weed density. Among weeding frequencies, 4 WAE had shown lower total weed density than 2 and 3 WAE in all row spacing and weeding frequencies. This might be due to later weeding and hoeing in addition to higher crop competition which was suppressed and hindered weed emergence. Means followed by the same letter with in column are not significantly different at 5 %; LSD = Least significant difference, CV= Coefficient of variance
Weed dry matter at Crop harvest
Aboveground dry matter /biomass of interaction effect of row spacing and weeding frequencies had shown highly significant difference at (p˂0.01) ( Table 4 ). The analyzed result revealed that at crop harvest there were high reductions in weed dry weight of row spacing with weeding frequencies. The lowest grass weed dry matter weight (23 g m ) and (30 g m -2 ) were recorded to 15 cm with 2 and 4 WAE and at Bobicho and Faate respectively. The lowest broad leaved weed dry matter weight (34 g m -2 ) and (36.3 g m -2
) were recorded to 15 cm with 2 and 4 WAE at Bobicho and Faate, respectively. The lowest total weeds dry matter (57.99g m -2 ) and (66.33g m -2 ) were recorded to 15 cm with 2 and 4 WAE at Bobicho and Faate, respectively (Table 4 ). This finding is in agreement with the work of Ashrafi et al. (2009) who enunciated that as availability of lesser space for weed development, better crop competition for development resources, crop growth, early space covering, light interception might have effectively controlled the weeds. At earlier, hand weeding controlled the emerged weeds and those that emerged later on might have failed to accumulate sufficient dry matter due to the competition offered by well grow crop plants. Further, the weed seeds under depleted soil seed bank that might be have been brought to the upper soil layer by hand weeding, though germinated and emerged later, but were in their initial growth stage thus accumulated less dry weight. ) and (269.00 g m -2 ) were recorded to 25 cm with weedy check at Bobicho and Faate respectively. Similarly, the interactions effects of all treatments had shown significant difference on weed dry matter weight at both study sites (Table 4 ). The lower weed dry matter weight of narrower row spacing with weeding frequencies were might be due to lower weed densities as mentioned in the weed densities section and also higher competitive effect of crop which were suppressed weed infest. Means followed by the same letter with in column are not significantly different at 5 %; LSD = Least significant difference, CV= Coefficient of variance
Impact Assessment of row spacing and weeding frequency interaction
In order to provide the logistic support to the impact assessment of different treatments, weed index and weed control efficiency were calculated.
Weed index
The lowest weed index was recorded in response to the combined effect of 25 cm row spacing and two handweeding at 2 and 4 WAE, (1.43%) and (0.81%) at both locations (Table 5 ). On the other hand weed index increased with the increase in row spacing from 15 cm to 20 cm and then declined at 25 cm row spacing under all the interactions, except the interaction o f two handweeding at 2 and 4 WAE where it registered an increase with the increase in row spacing at both the locations.
The weed control efficiency was maximum (73.26%) and (71.63%) in 15 cm row spacing with handweeding resorted at 2 and 4 WAE at Bobicho and Faate, respectively. On the other hand, 25 cm row spacing with handweeding 2 WAE recorded significantly the lowest weed control efficiency compared to other interactions at both the locations (Table 5) . At the same level of weeding frequency the weed control efficiency was significantly reduced when the row spacing increased from 15 cm to 20 cm in case of handweeding and hoeing at 4 WAE and two handweeding 2 and 4 WAE whereas no significant difference existed between these two row spacing when only one weeding was done 2 WAE and 4 WAE at Bobicho, while at Faate it decreased significantly with the increase in row spacing when weeding 2 weeding was done at 2 and 4 WAE. Unlike at Bobicho, at Faate the weed control efficiency increased with the increase in row spacing when weeding was done either at 2 WAE or 3 WAE; however it was significant in case of weeding done at 2 WAE. This result indicated that narrower row spacing with weeding frequency had better weed control efficiency than the wider row spacing. This result agreed with the work of Tesfaye et al. (2011) who reported that the maximum weed control efficiency recorded at 15 cm row spacing might be due to more competition offered by wheat crop for growth resources as it occupied the space earlier that had smothering effect and better light interception. At Bobicho two handweeding significantly improved the weed control efficiency over one handweeding but at Faate such result was found under 15 cm row spacing only. Like higher weed control efficiency achieved under a particular treatment, the weed index decreased that showed that higher weed index resulted due to poor weed control. Means followed by the same letter with in column are not significantly different at 5%; LSD = Least significant difference, CV= Coefficient of variance
Crop
The results indicated no significant difference on days to emergence, heading and physiological maturity of the crop hence the data has not been presented.
Total and Productive Tiller m -2
The interaction effect of row spacing with weeding frequencies had shown significant difference on total and productive tillers both at Bobicho and Faate. The significantly higher number of total tillers was found in response of interaction of 15 cm row spacing with complete weed free and two handweeding at 2 and 4 WAE over other interactions except the interaction of one weeding at 3 WAE at both the locations. The lowest number of total tillers was observed in 25 cm row spacing and weedy check interaction at Bobicho and Faate which had a significant difference with all the other interactions. The data (Table 6) showed that the number of total tillers decreased with the increase in row spacing. This finding is in agreement with the work of Sureda et al. (2010) who found that narrow spacing produced greater number of tillers as compared to wider spacing. The higher total tiller per unit area from 15 cm row spacing might be due to reduced intra plant competition as higher as the same seed rate was used which was further enhanced due to lack of weed competition as the plots were kept completely weed free and one weeding was done at 3 WAE and or two weeding done at 2 and 4 WAE. The weeding done at these stages might have provided an advantage to the crop to compete with the weeds. The lower number of tillers under all the row spacing with weedy checks was due to unavailability of more space for better light interception, reduced nutrients and moisture availability for the crop due to the presence of weeds This finding was directly supported with the study of Naveed et al. (2008) who stated that weeds are naturally strong competitor and compete with crops for space, nutrient, moisture, light and carbon dioxides that they could reduce the yield components of the crop.
The interaction effect of row spacing with weeding frequencies also showed significant difference on the productive tiller per unit area (Table 6 ). The highest productive tillers (278 m -2 ) and (264 m -2 ) were recorded with the interaction of 15 cm row spacing with complete weed free at both Bobicho and Faate, respectively. At Bobicho, it was statistically in parity with one handweeding done 3 WAE under 15 cm row spacing while at Faate no significant difference existed with complete weed free when the crop was grown under 20 cm row spacing. The lowest number of productive tillers 95 m 2 and 85 m -2 were observed in 25 cm row spacing with weedy check at Bobicho and Faate, respectively (p˂ 0.05). The highest productive tillers per unit area from 15 cm than 20 cm and 25 cm row spacing might be due to reduced intra plant competition and in closer row spacing wheat plants might have suppressive effect due to shading of weeds resulting in more availability of growth resources and consequently higher number of productive tillers. This result is in agreement with the study of Sharma (1995) who reported significant reduction in weed population and weed dry weight in closer (15 cm) and bidirectional sowing than wider spacing (22.5 cm) in wheat that enhanced higher total and productive tiller per unit area. Means followed by the same letter with in column are not significantly different at 5 %; LSD = Least significant difference, CV= Coefficient of variance
Number of grains spike -1
The highest number of grains per spike was found with the interaction of 15 cm row spacing with complete weed free plots which did not have significant difference with the interaction of 20 and 25 cm row spacing under complete weed free and the interaction of 15 cm/ 25 cm row spacing with two hand-weeding at 2 and 4 WAE at Bobicho. On the other hand, at Faate the highest number of grains was recorded with the interaction of 25 cm row spacing and complete weed free which did not vary significantly with complete weed free under 15 cm row spacing, the interaction of two weeding at 2 and 4 WAE under all the row spacing, one hand-weeding at 2 WAE under 15 cm row spacing, one hand-weeding at 3 WAE under 25 cm and 20 cm under 4 WAE. The lowest number of grains per spike (37.33 and 36.66, respectively) was observed in 25 cm row spacing with weedy check at Bobicho and Faate, respectively. This might be due to removal of weeds at early stage and again removal of after emerged weed community and had not contributed much competition with crop. This finding is in agreement with Shrestha et al. (2010) who stated that the removal of weeds from crop at earlier time could boost the yield components and yield. Later weeding and hoeing after critical period of weed control would not enhance yield components and yield but create conducive environment for harvesting. If weeds are well controlled during the critical period the crop will be so far advanced, and at the end of it new weed seedlings are no longer detrimental to the yield components of crop.
In contrast to this, row spacing with weedy check data revealed the lowest number of grains per spike (Table 7) . This was due to high infestation of weeds which were competed with the crop and resulted in the lowest grains per spike along treatments. This result agrees with the findings of Zand et al. (2007) who reported that number of grains per spike was significantly reduced with the increase weed infestation and significantly increased with the weed free period. Moreover, in complete weed free treatment, the spike were healthy completely filled as against shriveled and few grains in weedy check. This was because of the effect of the competition for limited nutrients available, ultimately resulting in reduced kernel filling of the spike.
Thousand grain weight (g)
The lowest thousand grain weight (24.00 g) and (22.33 g) were observed in 25 cm row spacing with weedy check and 20 cm row spacing with weedy check at Bobicho and Faate respectively. The highest thousand grain weight (37 g) was recorded in 25 cm row spacing with complete weed free at both Bobicho and Faate respectively (p˂0.05). The highest thousand weight which were recorded from 25 cm row spacing with complete weed free might be due to availability of more space for better light interception ,more nutrients available and moisture for crop/ grain development, as compared to narrow row spacing. And also there was no competition for resource with weed starting from crop emergence to harvest since plots were weeded completely. This finding is in agreement with Sureda et al. (2010) who reported that row geometry could enhance thousand grain weights in spring wheat. This could be due to more and vigorous leaves on the wider spaced plants, that improved the supply of assimilates to be stored in the grain, hence, the weight of individual grain increased.
On the other hand the lowest thousand grain weight which were recorded from weedy check with three row spacing, was due to unavailability of more space for better light interception, nutrients available and moisture for crop/ grain development. This was due to high infestation of weed population which had not disturbed till crop harvest. This finding is directly supported with the study of Naveed et al. (2008) who stated that weeds are naturally strong competitor and compete with crops for space, nutrient, moisture, light and carbon dioxides that they could reduce the weight of grain majorly. Means followed by the same letter with in column are not significantly different at 5%; LSD = Least significant difference, CV= Coefficient of variance
Total above ground dry biomass
The interaction effect of row spacing and weeding frequencies had shown the significant difference on the total aboveground dry biomass (Table 7) . The lowest total above ground dry biomass (6,548 kg ha -1 ) and (4,943.3 kg ha -1 ) were recorded in 25 cm row spacing with weedy check at Bobicho and Faate respectively. The highest total aboveground dry biomass (12,340 kg ha ) were recorded in 20 cm row spacing with complete weed free at both Bobicho and Faate respectively (p˂0.01). The highest total dry biomass was obtained in complete weed free plot which were significantly more than all others treatments. This result is in agreement with the finding of Mizan et al. (2009) who reported that the increased dry matter weight of the crop was highly governed by the length of weed free period.
Besides the highest total aboveground dry biomass which were recorded in plots weeded completely, the interaction of row spacing with weeding frequencies at different weeks after crop emergence were showed significant difference. These results indicated that weeding and hoeing at different crop and weed stage with interaction of row spacing had great influence on the total above ground dry biomass. Further; the plots treated by 2 WAE with row spacing showed significant over 3 and 4 WAE. This data revealed that removing weeds from crop fields earlier could reduce competition and contributed higher dry biomass than weeded later. This finding is in agreement with Shrestha et al. (2010) who stated that the removal of weeds from crop at earlier time could boost the yield components and yield. On the other hand the lowest total dry biomass which were recorded from weedy check with three row spacing, was due to unavailability of more space for better light interception, nutrients available and moisture for crop/ both straw and grain accumulation. This was due to high infestation of weed population which had not interrupted till crop harvest. This finding is directly supported with the study of Naveed et al. (2008) who stated that weeds are naturally strong competitor and compete with crops for space, nutrient, moisture, light and carbon dioxides that they could reduce the straw and grain accumulation. Furthermore; the total dry biomass of narrow row spacing had shown increment over wider row spacing. This might be due to high density of crop in narrower row spacing resulted lower weeds infestation which was suppressed by crop.
Grain yield
The interaction effect of row spacing and weeding frequency had shown the significant difference on the grain yield (Table 8 ). The lowest grain yield (2,283 kg ha -1 ) and (1,483.33 kg ha -1
) were recorded in 25 cm row spacing with weedy check at Bobicho and Faate respectively. The highest grain yield (5190 kg ha -1 ) and (4603.33 kg ha -1 ) were recorded in 20 cm row spacing with complete weed free at both Bobicho and Faate respectively (P˂0.05). The highest grain yield was obtained in complete weed free plot which were significantly more than all other treatments.
The variation in yield was due to differences in weed indices and weed control efficiency. The treatments having higher weed control efficiency and lower weed index in general resulted in higher grain yield. However, improved soil environment under hand weeding and hoeing might have also contributed to higher yield compared to weedy checks. Besides the highest grain yields which were recorded in plots weeded completely, the interaction of row spacing with weeding frequency at different weeks after crop emergence were showed significant difference. These results indicated that weeding and hoeing at different crop and weed stage with interaction of row spacing had great influence on the grain yield. Further; the plots treated by 2 WAE with row spacing were showed significant over 3 and 4 WAE. This data revealed that removing weeds from crop fields earlier could reduce competition and contributed higher grain yield than weeded later. The more and vigorous leaves under weed free environment that improved the supply of assimilate to be stored in the grain, hence, the weight of 1000-grain weight increased. The plants raised under complete weed free environment were free from weed competition thus utilized the available resources to its maximum benefit resulting in increased grain weight, productive tiller per unit area, grains per spike and then finally grain yield.
In contrast to this, the significantly low number of productive tiller per unit area, grains per spike and 1000-grain weight resulted in significantly low yield in weedy check plots as compared to other treatments. The results further revealed that uninterrupted weed growth was found to reduce the yield by 57.25 and 68.79 percent as compared to complete weed free at Bobicho and Faate, respectively. In other word, high infestation of weed community or total weed density which were recorded from weedy checks with row spacing in maximum total dry matter weight resulting lower yield components of the crop and finally grain weight.
Interaction effect of 15 cm row spacing with weeding frequency was showed significant difference over 25 cm row spacing with weeding frequency (Table 8 ). This was due to minimum total weed dry weight recorded in the interaction of 15 cm row spacing and hand weeding over 25 cm row spacing. Weed control through narrow spacing with weeding frequency resulted and less space for weed development, better competition of crop for development resource, crop growth rate, early space covering, and light interception in narrow row as compare to wide. These result was in agreement with the Sureda et al. (2010) who verified that with closer spacing (15 cm) the weed growth rate was lower while crop growth rate and light interception were higher than distant row spacing (25 cm) which was accomplished better control weed.
Harvest index
The interaction effect of row spacing and weeding frequencies were showed the significant difference on the harvest index (Table 8 ). The lowest harvest index (34.9 %) and (30.0 %) were recorded in 25 cm row spacing with weedy check at Bobicho and Faate respectively. The highest harvest index (43.84 %) and (46.13%) were recorded in 25 cm row spacing with 3 WAE and 15 cm row spacing with 3 WAE at both Bobicho and Faate respectively (p˂0.05). The highest harvest index were obtained in 15 cm row spacing with 3 WAE which were significantly more than all other treatments except 25 cm row spacing with 2 and 3 WAE, and 25 cm complete weed free. It was found that in weedy check plots the harvest index was significantly reduced under 25 cm when compared with the 20 cm and 25 cm row spacing which were not significantly difference. Mirza et al. (2013) also reported that harvest indices of modern wheat cultivars normally range from 35.0 to 40.0 %, whereas older cultivars have indices in the range of 23.0 to 30.0 %, which partially agreed with the present observation as so par as 46.13 % in 3 WAE with 20 cm in both study sites. Means followed by the same letter with in column are not significantly different, LSD = Least significant difference, CV= Coefficient of variance
The variation in harvest index under different interactions was most probably due to variation in number of total tillers, number of grain spike, 1000 grain weight and the grain yield. On the other hand, the present finding is fully agreed with the result of Nano (2012) who conducted by weed management practices on the same varieties and harvest index raises to 46 %. As the result revealed that still the variety has potential to carry up the maximum harvest index at good agronomic practices.
The interaction effect of row spacing with weeding frequency did show significant difference of harvest index in narrower row spacing over wider row spacing. This might be due to the higher total tiller per unit area, productive tiller per unit area and total above dry biomass of narrower row spacing over wider row spacing.
Conclusion
The result of this study clearly indicated that interaction of row spacing and weeding frequency resulted in significantly better crop yield than untreated check. Specially, the interaction of 20cm and at two and four weeks after crop emergence was in significantly higher yields than 25cm interacted with weeding frequency. In general, weeding frequency with narrower row spacing were more effective on total weed density reduction and lower dry matter weight accumulation while wider spacing with weeding frequency less effective on total weed density and dry matter accumulation at crop harvest. Crop growth, yield attributes and yield were significantly influenced by the interaction of weeding frequency and row spacing. Finally it is better to use the interaction of 20cm and at two and four weeks after crop emergence for higher yield. As the second option, the interaction of 20cm and at two weeks after crop emergence could give good yield and feasible.
